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(57) ABSTRACT

The present disclosure relates to a display method of a
display panel. The display method may include obtaining
original luminance of three single color subpixels in each of
the pixel units based on an 1mage to be displayed; obtaining
luminance compensation values of the three single color
subpixels that need to be color compensated at a time of
obtaining the luminance of the mixed color subpixel as the
first substitute luminance; calculating luminance of the
mixed color produced by the three single color subpixels in
the pixel unit respectively based on each of the luminance of
the three single color subpixels after color compensation;
and setting input luminance of the single color subpixel
having the smallest luminance of the mixed color as 0, and

(Continued)

luminance

obtaining original luminance of the three single color subpixels in each
of the pixel units based on an image to be displayed, calculating
luminance of a mixed color produced by the three single color
subpixels based on the smallest luminance among the original
luminance of the three single color subpixels, and cbtaining first —— 501
substitute luminance of the mixed color subpixel based on the
luminance of the mixed color, and first substitute luminance of the
three single color subpixels except for the one having the smallest

|

cbtaining luminance compensation values of the three single color
subpixels that need to be color compensated at a time of obtainmg the | —— g¢p2
liminance of the mixed color subpixel as the first substitute luminance,
based on pre-stored color compensation ratios of the three single color
subpixels, so as to obtain luminance of the three single color subpixels

after color compensation

calculating luminance of the mixed color produced by the three single
color subpixels in the pixel unit respectively based on each of the
luminance of the three single color subpixels after color compensation, S03
based on pre-stored ratios of the lights emitted by the three single color
subpixels mixed to produce the light of the mixed color emitted by the
actual mixed ¢olor subpixel

!

setting input luminance of A1 as 0, and obtaining actual luminance of
A2, A3, and the mixed color subpixel based on L11, the pre-stored — 304
ratios of the lights emitted by the three single color subpixels mixed
to produce the light of the mixed color emitted by the actual mixed
color subpixel, the lnminance of A2 and A3 after color compensation,
and the first substitute luminance of the mixed color subpixel, and
performing data input
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obtaining original luminance of the three single color subpixels 1n each

of the pixel units based on an image to be displayed, calculating

luminance of a mixed color produced by the three single color

subpixels based on the smallest luminance among the original

luminance of the three single color subpixels, and obtaining first 501
substitute luminance of the mixed color subpixel based on the

luminance of the mixed color, and first substitute luminance of the

three single color subpixels except for the one having the smallest

luminance

obtaining luminance compensation values of the three single color
subpixels that need to be color compensated at a time of obtaining the |—— ¢g»
luminance of the mixed color subpixel as the first substitute luminance,

based on pre-stored color compensation ratios of the three single color
subpixels, so as to obtain luminance of the three single color subpixels
after color compensation

calculating luminance of the mixed color produced by the three single

color subpixels 1n the pixel unit respectively based on each of the

luminance of the three single color subpixels after color compensation, 503
based on pre-stored ratios of the lights emitted by the three single color

subpixels mixed to produce the light of the mixed color emitted by the

actual mixed color subpixel

setting input luminance of Al as 0, and obtaining actual luminance of

A2, A3, and the mixed color subpixel based on L11, the pre-stored 504
ratios of the lights emitted by the three single color subpixels mixed

to produce the light of the mixed color emitted by the actual mixed

color subpixel, the luminance of A2 and A3 after color compensation,

and the first substitute luminance of the mixed color subpixel, and

performing data input

FIG. 1
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obtaining chromaticity coordinates of the three single color subpixels and the mixed color
subpixel 1n the display panel at given output luminance

calculating ratios of the lights produced by the three single color subpixels mixed to
produce the light of the mixed color emitted by the target mixed color subpixel

calculating ratios of the lights produced by the three single color subpixels mixed to
produce the light of the mixed color emutted by the actual mixed color subpixel

Calculating the color compensation ratios of the three single color subpixels

obtaining original luminance of the red subpixel, the green subpixel, and the blue

subpixel 1n each pixel unit from the 1mage to be displayed on the screen of the display

panel, calculating the luminance of the white color produced by mixing the light of the

red subpixel, the green subpixel, and the blue subpixel based on the smallest original

luminance thereof, obtaining the first substitute luminance of the white subpixel, and at

the same time, calculating the first substitute luminance of the other two of the three S5
single color snbnixels excent for the one havine the smallest lnmimance

obtaining the color compensation values of the single color subpixels that need to be
compensated at the time of obtaining the luminance of the white subpixel as the first
substitute luminance, so as to obtain the luminance of the red subpixel, green subpixel,
blue subpixel, and white subpixel after color compensation

calculating the luminance of the white colors produced respectively based on LR', LG,
and LB", denoted by LWR, LWG, and LWB respectively, and obtaining the smallest

luminance of the three

setting the smallest luminance of LWR, LWG, and LWB obtained in the step S7 as 0,
and obtaining the actual luminance of the subpixels by performing luminance
substitution and performing data input

FIG. 2
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DISPLAY PANEL, DISPLAY METHOD
THEREOFK, AND DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims benefit of the filing date of
Chinese Patent Application No. 201910204871.8 filed on
Mar. 18, 2019, the disclosure of which 1s hereby incorpo-
rated 1n 1ts entirety by reference.

TECHNICAL FIELD

The present disclosure relates to display technologies, and
in particular, to a display panel, a display method, and a
display apparatus.

BACKGROUND

White subpixels possess features of high light-emitting
celliciency and low power consumption, and have been
introduced into the conventional displays to improve bright-
ness, power efliciency, and overall display lifetime.

BRIEF SUMMARY

One embodiment of the present disclosure 1s a display
method of a display panel, wherein the display panel com-
prises a plurality of pixel units, each of the pixel units
comprises a mixed color subpixel and three single color
subpixels, and lights emitted by the three single color
subpixels are capable of being mixed to produce a light of
a mixed color produced by the mixed color subpixel. The
display method may include obtaining original luminance of
the three single color subpixels 1n each of the pixel units
based on an 1image to be displayed, calculating luminance of
a mixed color produced by the three single color subpixels
based on a smallest luminance among the original luminance
of the three single color subpixels, and obtaining a first
substitute luminance of the mixed color subpixel based on
the luminance of the mixed color, and first substitute lumai-
nance of the three single color subpixels except for the one
having the smallest luminance; obtaining luminance com-
pensation values of the three single color subpixels that need
to be color compensated at a time of obtaiming the luminance
of the mixed color subpixel as the first substitute luminance,
based on pre-stored color compensation ratios of the three
single color subpixels, so as to obtain luminance of the three
single color subpixels after color compensation; calculating
luminance of the mixed color produced by the three single
color subpixels 1n the pixel unit respectively based on each
of the luminance of the three single color subpixels after
color compensation, based on pre-stored ratios of the lights
emitted by the three single color subpixels mixed to produce
the light of the mixed color emitted by the actual mixed
color subpixel, wherein the smallest luminance of the mixed
color 1s denoted by LL11, and one of the three single color
subpixels which has the smallest luminance of the mixed
color 1s denoted by Al, and the other two of the three single
color subpixels are denoted by A2 and A3; and setting 1input
luminance of Al as 0, and obtaining actual luminance of A2,
A3, and the mixed color subpixel based on L11, the pre-
stored ratios of the lights emitted by the three single color
subpixels mixed to produce the light of the mixed color
emitted by the actual mixed color subpixel, the luminance of
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2

A2 and A3 after color compensation, and the first substitute
luminance of the mixed color subpixel, and performing data
input.

Optionally, the display method, before calculating the
luminance of the mixed color produced by the three single
color subpixels, further comprises obtaining chromaticity
coordinates of the three single color subpixels and the mixed
color subpixel 1n the display panel at given output lumi-
nance; calculating ratios of the lights produced by the three
single color subpixels mixed to produce the light of the
mixed color emitted by the target mixed color subpixel,
which are denoted by RatioAX1, RatioAX2, And RatioAX3
respectively, through a color mixing formula and based on
chromaticity coordinate of a target mixed color subpixel;
calculating ratios of the lights produced by the three single
color subpixels mixed to produce the light of the mixed color
emitted by the actual mixed color subpixel, which are
denoted by RatioBX1, RatioBX2, And RatioBX3 respec-
tively, based on the chromaticity coordinates of the three
single color subpixels and the chromaticity coordinate of the
mixed color subpixel; calculating the color compensation
ratios of the three single color subpixels, which are denoted
by gainX1, gainX2, and gammX3 respectively, based on

RatioAX1, RatioAX2, RatioAX3, RatioBX1, RatioBX2,
and RatioBX3; and storing RatioBX1, RatioBX2,
RatioBX3, ganX1, gainX2, and gainX3.

Optionally, calculating luminance of the mixed color
produced by the three single color subpixels in the pixel unit
respectively based on each of the luminance of the three
single color subpixels after color compensation further com-
prises calculating the luminance of the mixed color pro-
duced by the three single color subpixels according to the
following formulas:

L,,=L,/RatioBX1,
L,,=L2/RatioBX2,

L,,=L3/RatioBX3,

where L, LL,,, and L, ; are the luminance of the mixed color
produced by Al, A2, and A3 based on each of the luminance
of Al, A2, and A3 after color compensation, respectively.

Optionally, setting input luminance of Al as 0, and
obtaining actual luminance of A2, A3, and the mixed color
subpixel based on L11, the pre-stored ratios of the lights
emitted by the three single color subpixels mixed to produce
the light of the mixed color emitted by the actual mixed
color subpixel, the luminance of A2 and A3 after color
compensation, and the first substitute luminance of the
mixed color subpixel, and performing data input comprises
setting the mput luminance of Al as 0, and calculating and
storing the actual luminance of A2, A3, and the mixed color
subpixel according to the following formulas:

Lyg=Ly+L g
L »=L>-L/RatiobX2

L,y=L 3L, ,/RatioBX3

where L, represents the first substitute luminance of the
mixed color subpixel, L,  represents the actual luminance of
the mixed color subpixel, L,,. represents the actual lumi-
nance of A2, and L, 1s the actual luminance of A3.

Optionally, at most three subpixels among the mixed color
subpixel and the three single color subpixels 1n each of the
pixel units 1lluminate at the same time for display.
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Optionally, the three single color subpixels 1n each of the
pixel units comprise a red subpixel, a green subpixel, and a
blue subpixel, and the mixed color subpixel comprises a
white subpixel.

Another embodiment of the present disclosure 1s a display
panel. The display panel may comprise a plurality of pixel
units, wherein each of the pixel units comprises a mixed
color subpixel and three single color subpixels, and lights
emitted by the three single color subpixels are capable of
being mixed to produce a light of a mixed color produced by
the mixed color subpixel; a first calculating processor con-
figured to obtain original luminance of the three single color
subpixels 1n each of the pixel units based on an 1mage to be
displayed, calculate luminance of a mixed color produced by
the three single color subpixels based on the smallest
luminance among the original luminance the three single
color subpixels, and obtain first substitute luminance of the
mixed color subpixel based on the luminance of the mixed
color, and first substitute luminance of the three single color
subpixels except for the one having the smallest luminance;
a second calculating processor, configured to obtain lumi-
nance compensation values of the three single color subpix-
¢ls that need to be color compensated at a time of obtaining
the luminance of the mixed color subpixel as the first
substitute luminance, based on pre-stored color compensa-
tion ratios of the three single color subpixels, so as to obtain
luminance of the three single color subpixels after color
compensation; a third calculating processor, configured to
calculate luminance of the mixed color produced by the
three single color subpixels 1n the pixel unit based on each
of the luminance of the three single color subpixels after
color compensation respectively, based on pre-stored ratios
of the lights emitted by the three single color subpixels
mixed to produce the light of the mixed color emitted by the
actual mixed color subpixel, wherein the smallest luminance
of the mixed color 1s denoted by 11, and one of the three
single color subpixels which has the smallest luminance of
the mixed color 1s denoted by Al, and the other two of the
three single color subpixels are denoted by A2 and A3; and
a data writing processor, configured to set input luminance
of Al as 0, and obtain actual luminance of A2, A3, and the
mixed color subpixel based on L11, the pre-stored ratios of
the lights emitted by the three single color subpixels mixed
to produce the light of the mixed color emitted by the actual
mixed color subpixel, the luminance of A2 and A3 after
color compensation, and the first substitute luminance of the
mixed color subpixel, and perform data input.

Optionally, the display panel further comprises an acqui-
sition processor, configured to obtain chromaticity coordi-
nates of the three single color subpixels and the mixed color
subpixel 1n the display panel at given output luminance; a
tourth calculating processor, configured to calculate ratios of
the lights produced by the three single color subpixels mixed
to produce the light of the mixed color emitted by the target
mixed color subpixel, which are denoted by RatiocAXI,
RatioAX2, And RatioAX3 respectively, through a color
mixing formula and based on chromaticity coordinate of a
target mixed color subpixel; calculate ratios of the lights
produced by the three single color subpixels mixed to
produce the light of the mixed color emitted by the actual
mixed color subpixel, which are denoted by RatioBXI,
RatioBX2, And RatioBX3 respectively, based on the chro-
maticity coordinates of the three single color subpixels and
the chromaticity coordinate of the mixed color subpixel; and
calculate the color compensation ratios of the three single
color subpixels, which are denoted by gainX1, gainX2, and
gainX3 respectively, based on RatioAX1, RatiocAX2,
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4

RatioAX3, RatioBX1, RatioBX2, and RatioBX3: and a
storage processor, configured to store RatioBX1, RatioBX2,
RatioBX3, gainX1, gainX2, and gainX3.

Optionally, the third calculating processor 1s configured to
calculate the luminance of the mixed color produced by the
three single color subpixels in the pixel unit respectively
based on each of the luminance of the three single color
subpixels after color compensation according to the follow-
ing formulas:

L,,=L/RatioBX1
L,,=L2/RatioBX?2

L,;=L3/RatioBX3

where L,,, L,,, and L, are the luminance of the mixed
color produced by Al, A2, and A3 based on each of the
luminance of Al, A2, and A3 after color compensation,
respectively.

Optionally, the data writing processor 1s configured to
setting iput luminance of Al as 0, and calculate and store
the actual luminance of A2, A3, and the mixed color
subpixel according to the following formulas:

Lyg=Ly+L g
L»=L>-L,/RatioFX2

L,y=L,s~L,,/RatioBX3

where L, , represents the first substitute luminance of the
mixed color subpixel, L, represents the actual luminance of
the mixed color subpixel, L, represents the actual lumi-
nance of A2, and L, 1s the actual luminance of A3.

Optionally, the three single color subpixels 1n each of the
pixel units comprise a red subpixel, a green subpixel, and a
blue subpixel; and the mixed color subpixel comprises a
white subpixel.

Optionally, at most three subpixels among the mixed color
subpixel and the three single color subpixels 1n each of the
pixel units 1lluminate at the same time for display.

One embodiment of the present disclosure 1s a display
apparatus, comprising the display panel according to one
embodiment of the present disclosure.

One embodiment of the present disclosure 1s a computer
readable storage medium having stored thereon computer
program 1instructions, wherein when the computer program
instructions are executed by a processor, a display method of
a display panel 1s implemented, wherein the display panel
comprises a plurality of pixel units, each of the pixel units
comprises a mixed color subpixel and three single color
subpixels, and lights emitted by the three single color
subpixels are capable of being mixed to produce a light of
a mixed color produced by the mixed color subpixel, the
display method comprising obtaining original luminance of
the three single color subpixels 1n each of the pixel units
based on an 1mage to be displayed, calculating luminance of
a mixed color produced by the three single color subpixels
based on a smallest luminance among the original luminance
of the three single color subpixels, and obtaining a first
substitute luminance of the mixed color subpixel based on
the luminance of the mixed color, and first substitute lumai-
nance of the three single color subpixels except for the one
having the smallest luminance; obtaining luminance com-
pensation values of the three single color subpixels that need
to be color compensated at a time of obtaining the luminance
of the mixed color subpixel as the first substitute luminance,
based on pre-stored color compensation ratios of the three
single color subpixels, so as to obtain luminance of the three
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single color subpixels after color compensation; calculating
luminance of the mixed color produced by the three single
color subpixels 1n the pixel unit respectively based on each
of the luminance of the three single color subpixels after
color compensation, based on pre-stored ratios of the lights
emitted by the three single color subpixels mixed to produce
the light of the mixed color emitted by the actual mixed
color subpixel, wherein the smallest luminance of the mixed
color 1s denoted by L11, and one of the three single color
subpixels which has the smallest luminance of the mixed
color 1s denoted by Al, and the other two of the three single
color subpixels are denoted by A2 and A3; and setting 1input
luminance of Al as 0, and obtaining actual luminance of A2,
A3, and the mixed color subpixel based on 11, the pre-
stored ratios of the lights emitted by the three single color
subpixels mixed to produce the light of the mixed color
emitted by the actual mixed color subpixel, the luminance of
A2 and A3 after color compensation, and the first substitute
luminance of the mixed color subpixel, and performing data
input.

Optionally, the computer readable storage medium,
before calculating the luminance of the mixed color pro-
duced by the three single color subpixels, further comprises
obtaining chromaticity coordinates of the three single color
subpixels and the mixed color subpixel 1n the display panel
at given output luminance; calculating ratios of the lights
produced by the three single color subpixels mixed to
produce the light of the mixed color emitted by the target
mixed color subpixel, which are denoted by RatiocAXI,
RatioAX2, And RatioAX3 respectively, through a color
mixing formula and based on chromaticity coordinate of a
target mixed color subpixel; calculating ratios of the lights
produced by the three single color subpixels mixed to
produce the light of the mixed color emitted by the actual
mixed color subpixel, which are denoted by RatioBXI,
RatioBX2, And RatioBX3 respectively, based on the chro-
maticity coordinates of the three single color subpixels and
the chromaticity coordinate of the mixed color subpixel;
calculating the color compensation ratios of the three single
color subpixels, which are denoted by gainX1, gainX2, and
gainX3 respectively, based on RatioAX1, RaticAX2,
RatioAX3, RatioBX1, RatioBX2, and RatioBX3; and stor-
ing RatioBX1, RatioBX2, RatioBX3, gainX1, gainX2, and
gain X3.

Optionally, calculating luminance of the mixed color
produced by the three single color subpixels in the pixel unit
respectively based on each of the luminance of the three
single color subpixels after color compensation further com-
prises calculating the luminance of the mixed color pro-
duced by the three single color subpixels according to the
following formulas:

L,;=L,/RatioBX1,
L,,=L2/RatioBX2,

L ,,=L3/RatioBX3,

where L,,, L,,, and L,; are the luminance of the mixed
color produced by Al, A2, and A3 based on each of the
luminance of Al, A2, and A3 after color compensation,
respectively.

Optionally, setting mput luminance of Al as 0, and
obtaining actual luminance of A2, A3, and the mixed color
subpixel based on 11, the pre-stored ratios of the lights
emitted by the three single color subpixels mixed to produce
the light of the mixed color emitted by the actual mixed
color subpixel, the luminance of A2 and A3 after color
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6

compensation, and the first substitute luminance of the
mixed color subpixel, and performing data input comprises
setting the mput luminance of Al as 0, and calculating and
storing the actual luminance of A2, A3, and the mixed color
subpixel according to the following formulas:

Lyg=Ly+L g
L»=L>-L//RatiobX2

L,y=L,s~L,/RatioBX3

where L, represents the first substitute luminance of the
mixed color subpixel, L,  represents the actual luminance of
the mixed color subpixel. L, represents the actual lumi-
nance of A2, and L, 1s the actual luminance of A3.

Optionally, the white subpixel and only two of the three
single color subpixels illuminate to produce a color based on
the original luminance of the three single color subpixels in
cach of the pixel units.

Optionally, the three single color subpixels 1n each of the
pixel units comprise a red subpixel, a green subpixel, and a
blue subpixel, and the mixed color subpixel comprises a
white subpixel.

Optionally, at most three subpixels among the mixed color
subpixel and the three single color subpixels 1n each of the
pixel units 1lluminate at the same time for display.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings are intended to provide a further under-
standing of the technical solutions of the present disclosure,
and are intended to be a part of the specification, and are
used to explain the technical solutions of the present dis-
closure, and do not constitute a limitation of the technical
solutions of the present disclosure.

FIG. 1 1s a flow chart showing a display method of a
display panel according to one embodiment of the present
disclosure:

FIG. 2 1s a flow chart showing a display method of a
display panel according to one embodiment of the present
disclosure:

FIG. 3 1s a schematic diagram of a display panel accord-
ing to one embodiment of the present disclosure;

FIG. 4 1s a schematic diagram of a display panel accord-
ing to one embodiment of the present disclosure;

FIG. 5§ 1s a schematic diagram of a display apparatus
according to one embodiment of the present disclosure

DETAILED DESCRIPTION

The present disclosure will be further described 1n detail
with reference to the accompanying drawings. When refer-
ring to the figures, like structures and elements shown
throughout are indicated with like reference numerals. Obvi-
ously, the described embodiments are only a part of the
embodiments of the present disclosure, not all of the
embodiments. All other embodiments obtained by a person
of ordinary skill in the art based on the embodiments of the
present disclosure without creative eflorts are within the
protection scope of the present disclosure. In the description
of the following embodiments, specific features, structures,
materials or characteristics may be combined 1n any suitable
manner in any one or more embodiments or examples.

Moreover, the terms “first” and “second” are used for
descriptive purposes only and are not to be construed as
indicating or implying a relative importance or implicitly
indicating the number of technical features indicated. Thus,
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teatures defining “first” or “second” may include at least one
of the features, either explicitly or implicitly. In the descrip-
tion of the present disclosure, the meaning of “a plurality”™
1s at least two, such as two, three, etc., unless specifically
defined otherwise.

In the description of the present specification, the descrip-
tion with reference to the terms “one embodiment”, “Some
embodiments™, “example”, “specific example”, or “some
examples” and the like means a specific feature described 1n
connection with the embodiment or example. A structure,
material or feature 1s included 1n at least one embodiment or
example of the disclosure. In the present specification, the
schematic representation of the above terms 1s not neces-
sarily directed to the same embodiment or example. Fur-
thermore, the particular features, structures, matenals, or
characteristics described may be combined 1n a suitable
manner 1n any one or more embodiments or examples. In
addition, those skilled in the art can combine and combine
the different embodiments or examples described in the
specification and the features of different embodiments or
examples, without contradicting each other.

In order to improve the display life of the OLED, white
sub-pixels are added to the pixels of the OLED, and a
replacement algorithm of replacing red, green and blue
subpixels with white subpixels 1s added. The white subpixels
may possess features of high light-emitting etliciency and
low power consumption, which improve brightness, power
elliciency, and overall display lifetime.

In the prior art, RGB are replaced by W, and at most 2 of
RGB illuminate, and the remaining brightness 1s provided
by W, wherein W represents a white sub-pixel, R, G, B
represents a red, green, blue sub-pixel respectively. At
present, the W sub-pixel of OLED has a color shift problem.
According to the color mixing principle, two colors are
required for chromaticity compensation. In an 1deal case, in
the W display state, W and complementary color sub-pixels
will be illuminated. So a total of three sub-pixels are
illuminated. If there 1s a non-complementary color to par-
ticipate 1n the actual display, four sub-pixels will be 1llumi-
nated at the same time. Therefore, power consumption of the
display panel 1s still very high.

One embodiment of the present disclosure provides a
display method of a display panel. The display panel
includes a plurality of pixel units, and each of the pixel units
includes one mixed color subpixel and three single color
subpixels. The light emitted from the three single color
subpixels can be mixed to produce a light of a mixed color
emitted from the mixed color subpixel. As shown 1n FIG. 1,
the display method includes:

Step S01: acquiring original luminance of the three single
color subpixels 1n each of the pixel units based on an 1image
to be displayed, and calculating luminance of a mixed color
produced by the three single color subpixels of each of the
pixel units based on the smallest original luminance of the
three single color subpixels; obtaining first substitute lumi-
nance of the mixed color subpixel, denoted by L, ,, based on
the luminance of the mixed color; and obtaining first sub-
stitute luminance of the other two of the three single color
subpixels except the one having the smallest luminance.

In one embodiment, the three single color subpixels in
cach pixel unit are respectively represented by Al, A2, and
A3, If the original luminance of Al 1n the three single color
subpixels 1s the smallest, the luminance of the mixed color
produced by the three single color subpixels 1s calculated
based on the original luminance of Al. Then, based on the
calculated luminance of the mixed color and the original

luminance of the mixed color subpixel (optionally, the sum
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of the luminance of the two), the first substitute luminance
of the mixed color subpixel can be obtained, denoted by L, ..
Meanwhile, the first substitute luminance of A2 and A3 can
be obtained, denoted by L., and L, respectively, using the
calculated luminance of the mixed color based on the
original luminance of Al (the calculated luminance of the
mixed color includes the original luminance of Al and
corresponding luminance of A2 and A3). It should be noted
that L, 1s the corresponding luminance provided by A2 in
the luminance of the mixed color calculated based on the
original luminance of A2 minus the original luminance of
Al, and L, 1s the corresponding luminance provided by A3
in the luminance of the mixed color calculated based on the
original luminance of A3 minus the original luminance of

Al.

Step S02: obtaiming the luminance compensation values
of the three single color subpixels that need to be color
compensated at the time of obtaining the luminance of the
mixed color subpixel as the first substitute luminance L,
based on the pre-stored color compensation ratios of the
three single color subpixels.

Because the color compensation ratios of the three single
color subpixels are required 1n this step, the step for obtain-
ing the color compensation ratios of the three single color
subpixels may be included betfore the step S02. Optionally,
they can be obtained by the following method:

obtaining chromaticity coordinates of the three single
color subpixels and the mixed color subpixel of a display
panel respectively at a given output luminance;

calculating the ratios of the lights produced by the three
single color subpixels mixed to produce the light of the
mixed color emitted by a target mixed color subpixel,

denoted by RatioAX1, RatioAX2, And RatioAX3 respec-
tively, through the color mixing formula and based on the
chromaticity coordinate of the target mixed color subpixel;

calculating the ratios of the lights produced by the three
single color subpixels mixed to produce the light of the
mixed color emitted by the actual mixed color subpixel,
denoted by RatioBX1, RatioBX2, And RatioBX3 respec-
tively, based on the obtained chromaticity coordinates of the

three single color subpixels and the chromaticity coordinate
of the mixed color subpixel:
calculating the color compensation ratios of the three

single color subpixels, denoted by gainX1, gainX2, and
gainX3 respectively, based on RatioAX1, RatioAX2,

RatioAX3, RatioBX1, RatioBX2, and RatioBX3; and
storing values of RatioBX1, RatioBX2, RatioBX3,
gainX1, gainX2, and gainX3.

Step S03: based on the pre-stored ratios of the lights
produced by the three single color subpixels mixed to
produce the light of the mixed color emitted by the actual
mixed color subpixel, calculating the luminance of the
mixed colors produced by the three single color subpixels in
the pixel unit based on each of the luminance of the single
color subpixels after color compensation respectively. The
smallest luminance of the mixed color 1s denoted by L,
The single color subpixel, based on which the calculated
luminance of the mixed color 1s the smallest, 1s denoted by
Al, and the other two are denoted by A2 and A3.

Optionally, 11 the ratios of the color produced by Al, A2,
and A3 mixed to produce the mixed color emitted by the
actual mixed color subpixel are RatioBX1, RatioBX2, and
RatioBX3 respectively, and the luminance of A1, A2, and A3
after color compensation are L, L,, and L, respectively, the
step includes:
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Calculating the luminance of the mixed color produced by
the three single color subpixels 1n the pixel unit, according
to the following formula:

L=L/RatioBX1;
L>=L-/RatioBX2;

L3=L;/RatioBX3;

where L, ,, -, and L, are the luminance of the mixed
colors produced by Al, A2, and A3 based on each of the
luminance of Al, A2, and A3 after color compensation
respectively.

Step S04: setting the luminance of Al as 0, and obtaining
the actual luminance of A2, A3, and the mixed color
subpixel based on L,,, the pre-stored ratios of the lights
produced by the three single color subpixels mixed to
produce a light of the mixed color emitted by the actual
mixed color subpixel, the luminance of A2 and A3 after
color compensation, and the first substitute luminance of the
mixed color subpixel, and performing data mput of the
actual luminance of A2, A3, and the mixed color subpixel.

Optionally, the step can be done by the following steps:

Set the mput luminance of Al as 0, and calculate the
actual luminance of A2, A3, and the mixed color subpixel
using the following formula:

Lyog=Li1+L 05

where L, 1s the actual luminance of the mixed color
subpixel. L, ,, 1s the actual luminance of A2, and L. 1s the
actual luminance of A3. Because only three of the four
subpixels 1n each pixel unit may need to 1lluminate accord-
ing to some embodiments of the present disclosure, the
method described above can significantly reduce the power
consumption of the display panel.

To better understand the display method 1in some embodi-
ments of the present disclosure, the three single color
subpixels 1n each pixel unit may be red subpixel, green
subpixel, and blue subpixel, and the mixed color subpixel
may be a white subpixel. The display method will be further
described 1n the following embodiments:

As shown in FIG. 2, one embodiment of the present
disclosure provides a display method of a display panel. The
display method 1ncludes the following steps:

Step S1: measuring the actual chromaticity coordinates of
the red subpixel, the green subpixel, the blue subpixel and
the white subpixel 1n the display panel at given output
luminance, respectively, denoted by R(x, v), G(X, v), B(X, y),
W(x, y).

Step S2: calculating the ratios of the red subpixel, the
green subpixel, and the blue subpixel mixed to produce a
target white color and the ratios of those mixed to produce
an actual white color based on the chromaticity coordinates
obtained 1n the step one S1 and the color mixing formula.
The ratios of the red subpixel, the green subpixel, and the
blue subpixel mixed to produce the target white color are
denoted by RatioAR, RatioAG, and RatioAB, respectively.
The ratios of the red subpixel, the green subpixel, and the
blue subpixel mixed to produce the actual white color are
denoted by RatioBR, RatioBG, and RatioBB, respectively.

Step S3: calculating the color compensation ratios of the
red subpixel, the green subpixel, and the blue subpixel,
denoted by gamnR, gainG, and gainB respectively, based on
the calculated ratios of the red subpixel, the green subpixel,
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and the blue subpixel mixed to produce the target white
color, and the calculated ratios of those mixed to produce the
actual white color 1n step S2.

Step four S4: storing the ratios of the red subpixel, the
green subpixel, and the blue subpixel mixed to produce an
actual white color, RatioBR, RatioBG, and RatioBB calcu-
lated 1n the step two S2 and the color compensation ratios,
gainR, gain(G, and gainB, calculated in the step three S3. The
ratios may be written nto a storage memory.

Step S5: obtaining original luminance of the red subpixel,
the green subpixel, and the blue subpixel 1n each pixel umt
from the 1image to be displayed on the screen of the display
panel, calculating the luminance of the white color produced
by mixing the light of the red subpixel, the green subpixel,
and the blue subpixel in each pixel unit based on the smallest
original luminance thereol, obtaining the first substitute
luminance of the white subpixel by adding the calculated
luminance of the white color to the original luminance of the
white color, and at the same time, calculating the first
substitute luminance of the other two of the three single
color subpixels except for the one having the smallest
luminance.

In one embodiment, the red subpixel 1n one of the pixel
units has the smallest original luminance. The original
luminance of the red subpixel, the green subpixel, and blue
subpixel are denoted by LR, LG, and LB respectively, and
the luminance of the mixed white color produced based on
LR 1n combination with the green subpixel and the blue
subpixel 1s denoted by LW. LW 1s added to the original
luminance of the white subpixel to obtain the first substitute
luminance LW' of the white subpixel. Subtracting the part of
luminance contributed by the green subpixel 1n the white
color based on LR from LG can obtain the remaining
luminance, that 1s, first substitute luminance of the green
subpixel, denoted by LG'. Likewise, subtracting the part of
luminance contributed by the blue subpixel in the white
color based on LR from LB can obtain the remaining
luminance, that 1s, first substitute luminance of the blue
subpixel, denoted by LB'.

Step S6: based on the stored color compensation ratios of
the red subpixel, green subpixel, and blue subpixel, gainR,
gainG, and gainB, 1n the step four S4, obtaining the color
compensation values of the single color subpixels that need
to be compensated at the time of obtaining the luminance of
the white subpixel as the first substitute luminance, so as to
obtain the luminance of the red subpixel, green subpixel,
blue subpixel, and white subpixel after color compensation.

In one embodiment, on the basis of the step S5, the red
subpixel has the smallest original luminance LR, LW 1s the
luminance of the white color produced based on LR. In the
step s1x S6, 1t 1s calculated that the red subpixel and blue
subpixel are the color subpixels that require color compen-
sation. The compensation values of the red and blue sub-
pixels are calculated according to the color compensation
ratios. Then, the compensation value and the first substitute
luminance of the red subpixel are added to obtain the
luminance of the red subpixel LR' after color compensation,
and the compensation value and the first substitute lumi-
nance of the blue subpixel are added to obtain the luminance
of the blue subpixel LB" after color compensation. After this
step, the luminance of the red subpixel, the green subpixel,
the blue subpixel, and the white subpixel are LR', LG', LB",
and LW', respectively.

Step seven S7: based on the luminance of the red, green,
and blue subpixels after compensation, LR', LG', and LB"
calculated 1 the step six S6, and the ratios of RatioBR,
RatioBG, and RatioBB stored 1n the step four S4, calculating
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the luminance of the white colors produced respectively
based on LR', LG', and LB", denoted by LWR, LWG, and
LWB respectively, and obtaining the smallest uninane of the
three.

In one embodiment, LWR 1s the smallest, LWR=LR"/
RatioBR, LWG=LG'/RatioBG, and LWB=LB"/LWB.

Step S8: setting the smallest luminance of LWR, LWG,
and LWB obtained 1n the step S7 as 0, and obtaining the
actual luminance of the subpixels by performing luminance
substitution based on the luminance of the other subpixels
alter color compensation and the ratios, RatioBR, RatioBG,
and RatioBB, obtained 1n the step four S4, and performing
data mput.

Optionally, on the basis of the step S7, LWR 1s the
smallest, and the luminance of the red subpixel 1s set to be
0. The second substitutions are performed to the luminance
of the white subpixel, the green subpixel, and the blue
subpixel according to the following formula: W=LWR+LW',
G=LG'-LWRxRatioBG, and B=LB"-LWRxRatioBB,
where W, G, and B are the actual luminance of the white
subpixel, the green subpixel, and the blue subpixel, respec-
tively. Thus, the actual luminance values of the white
subpixel, the green subpixel, and the blue subpixel are
calculated, and the data will be mput into the corresponding
pixels of the display panel for display.

In some embodiments of the present disclosure, only three
subpixels out of the four subpixels may need to 1lluminate 1n
cach pixel unit, thereby greatly reducing the power con-
sumption of the display panel, and also achieving good
display eflect.

As shown 1n FIG. 3, another embodiment of the present
disclosure provides a display panel using the display method
as described above. The display panel includes a plurality of
pixel units. Each of the pixel units includes a mixed color
subpixel and three single color subpixels, where the light of
the three single color subpixels can be mixed to produce a
light produced by the mixed color subpixel. The display
panel further includes a first computing processor 201, a
second computing processor 202, a third computing proces-
sor 203, and a data writing processor 204.

The first computing processor 201 1s configured to acquire
original luminance of three single color subpixels 1n each
pixel unit based on the image to be displayed, and calculate
the luminance of the mixed color produced by the three
single color subpixels based on the lowest original lumi-
nance of the three single color subpixels, and obtain the first
substitute luminance of the mixed color subpixel based on
the luminance of the mixed color, and also obtain the first
substitute luminance of the other two of the three single
color subpixels except for the one having the lowest lumi-
nance.

The second computing processor 202 1s configured to,
based on the pe-stored color compensation ratios of the three
single color subpixels, obtain the luminance compensation
values of the three single color subpixels that need to be
compensated at the time of obtaining the luminance of the
mixed color subpixel as the first substitute luminance so as
to obtain the luminance of the three single color subpixels
alter color compensation.

The third computing processor 203 1s configured to, based
on the pre-stored ratios of the lights produced by the three
single color subpixels mixed to produce the mixed color
emitted by the actual mixed color subpixel, calculate the
luminance of the mixed color produced by the three single
color subpixels 1n the pixel unit based on the luminance of
cach single color subpixel after color compensation respec-
tively. The smallest luminance of the mixed colors 1s
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denoted by L,,. The single color subpixel, based on which
the calculated luminance of the mixed color 1s the smallest,
1s denoted by Al, and the other two are denoted by A2 and
A3.

The data writing processor 204 1s configured to set the
input luminance of Al as 0, and obtain the actual luminance
of A2, A3, and the mixed color subpixel, based on L,,, the
pre-stored ratios of the lights produced by the three single
color subpixels mixed to produce the light of the mixed color
produced by the mixed color subpixel, the luminance of A2
and A3 after color compensation, and the first substitute
luminance of the mixed color subpixel, and perform data
input.

In one embodiment, as shown 1n FIG. 4, the display panel
further includes an acquisition processor 205, a fourth
computing processor 206, and a storage processor 207.

Optionally, the acquisition processor 203 1s configured to
obtain chromaticity coordinates of the three single color
subpixels and the mixed color subpixel at given output
luminance.

The fourth calculating processor 206 i1s configured to
calculate the ratios of the lights produced by the three single
color subpixels mixed to produce a light of the mixed color
emitted by the target mixed color subpixel, denoted by
RatioAX1, RatioAX2, And RatioAX3 respectively, through
the color mixing formula and based on the chromaticity
coordinate of the target mixed color subpixel; calculate the
ratios of the lights produced by the three single color
subpixels mixed to produce the light of the mixed color
emitted by the actual mixed color subpixel, denoted by
RatioBX1, RatioBX2, And RatioBX3 respectively, based on
the obtained chromaticity coordinates of the three single
color subpixels and the chromaticity coordinate of the mixed
color subpixel; and calculate the color compensation ratios
of the three single color subpixels, denoted by gaimnXIl,
gainX2, and gamnX3 respectively, based on RatioAXI1,
RatioAX?2, RatioAX3, RatioBX1, RatioBX2, and
RatioBX3.

The storage processor 207 1s configured to store
RatioBX1, ratioBX2, ratioBX3, gamnXl, gamnX2, and
gainX3.

If the ratios of the lights produced by Al, A2, and A3
mixed to produce the light of the mixed color emitted by the
actual mixed color subpixel are RatioBX1, RatioBX2, and
RatioBX3, the luminance of Al, A2, and A3 after color
compensation 1s L1, L2, L3, respectively.

The third computing processor 203 1s configured to cal-
culate the luminance of the mixed color produced by the
three single color subpixels in the pixel units according to
the following formula:

L,;=L1/RatioBX1:
L,>=L2/RatioBX2;

L,3=L3/RatioBX3;

where L, ,, L,,, and L, are the luminance of the mixed
colors that can be produced by Al, A2, and A3 based on the
luminance of Al, A2, and A3 after compensation, respec-
tively.

In one embodiment, the first substitute luminance of the
mixed color subpixel 1s L, the data writing processor 204
1s configured to set the mput luminance of Al to be O,
calculate the actual luminance of A2, A3, and the mixed
color subpixel by using the following formulas, and then
input the data;

Lyg=Ly+Lp;
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L,»=L,>—L,/RatioBX2;

where L, 1s the actual luminance of the mixed color
subpixel, L, ,, 1s the actual luminance of A2, and L. 1s the
actual luminance of A3.

The first computing processor 201, the second computing,
processor 202, the third computing processor 203, and the
data writing processor 204, the acquisition processor 205,
the fourth computing processor 206 each may include a
central processing unit (CPU), or an application specific
integrated circuit (ASIC), or may be configured to imple-
ment one or more integrated circuits 1n some embodiments
of the present disclosure.

The storage processor 207 may include mass storage for
data or computational instructions. Optionally, the storage
processor 207 may include a hard disk drive (HDD), a
floppy disk drive, a flash memory, an optical disk, a mag-
neto-optical disk, a magnetic tape, or a universal serial bus
(USB) drive, or a combination of two or more of these. The
storage processor 207 may include removable or non-re-
movable (or fixed) media. The storage processor 207 may
also 1nclude internal or external data processing devices.
Optionally, the storage processor 207 may include a non-
volatile solid-state memory. The storage processor 207 may
include a read only memory (ROM), where the ROM may
be a mask programmed ROM, a programmable ROM
(PROM), an erasable PROM (EPROM), an electrically
crasable PROM (EEPROM), an electrically rewritable ROM
(EAROM) or flash memory or a combination of two or more
ol these.

In some embodiments of the present disclosure, the three
single color subpixels 1 each pixel unit include a red
subpixel, a green subpixel, and a blue subpixel, and the
mixed color subpixel includes a white subpixel. Because the
display panel according to some embodiments of the present
disclosure only needs to illuminate three of the four sub-
pixels 1n each pixel unit for display, the power consumption
can be greatly reduced.

Another embodiment of the disclosure provides a display
apparatus, wherein the display method may be implemented
by the display apparatus. In some embodiments, the display
apparatus may include may include a processor 401 and a
memory 402 storing computer program instructions.

In one embodiment, the processor 401 may include a
central processing unit (CPU), or an application specific
integrated circuit (ASIC), or may be configured to 1mple-
ment one or more integrated circuits of the embodiments of
the present invention.

Memory 402 may include mass storage for data or
istructions. By way of example and not limitation, the
memory 402 can include a Hard Disk Drive (HDD), a floppy
disk drive, a flash memory, an optical disk, a magneto-
optical disk, a magnetic tape, or a Universal Serial Bus
(USB) dnive, or combimation of two or more thereof.
Memory 402 may include removable or non-removable (or
fixed) media, where appropriate. Memory 402 may be
internal or external to the data processing device, where
appropriate. In a particular embodiment, memory 402 is a
non-volatile solid state memory. In a particular embodiment,
memory 402 includes a read only memory (ROM). Where
appropriate, the ROM may be a mask programmed ROM, a

programmable ROM (PROM), an erasable PROM
(EPROM), an electrically erasable PROM (EEPROM), an
clectrically rewritable ROM (EAROM) or flash memory or

combination of two or more thereof.
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The processor 401 implements the display method of any
one of the embodiments of the present disclosure by reading
and executing the computer program instructions stored 1n
the memory 402.

In one embodiment, the display apparatus may also
include a communication interface 403 and a bus 410.
Wherein, as shown in FIG. 5, the processor 401, the memory
402, and the communication interface 403 are connected
through the bus 410 and complete communication with each
other.

The communication interface 403 1s mainly used to
implement communication between modules, devices, units
and/or devices 1n the embodiments of the present invention.

The bus 410 may 1include hardware, software, or both, and
couples components of the display apparatus to each other.
By way of example and not limitation, the bus may include
an accelerated graphics port (AGP) or other graphics bus, an
enhanced industry standard architecture (EISA) bus, a front
side bus (FSB), a super transfer (HT) interconnect, an
industry standard architecture (ISA). Bus, Infinite Band-
width Interconnect, Low Pin Count (LPC) Bus, Memory
Bus, Micro Channel Architecture (MCA) Bus, Peripheral
Component Interconnect (PCI) Bus, PCI-Express (PCI-X)
Bus, Serial Advanced Technology Attachment (SATA) bus,
Video Electronics Standards Association Local (VLB) bus
or other suitable bus or a combination of two or more of
these. Bus 410 may include one or more buses, where
appropriate. Although embodiments of the present disclo-
sure describe and illustrate a particular bus, the present
disclosure contemplates any suitable bus or interconnection.

Some embodiments of the present mmvention may be
implemented by providing a computer readable storage
medium. The computer readable storage medium stores
computer program instructions; when the computer program
instructions are executed by the processor, the display
method according to any one of the above embodiments 1s
implemented.

It 1s to be understood that the present invention 1s not
limited to the specific configurations and processes
described above and illustrated 1n the drawings. For the sake
of brevity, a detailed description of known methods 1is
omitted here. In the above embodiments, several specific
steps have been described and illustrated as examples.
However, the method of the present invention 1s not limited
to the specific steps described and illustrated, and those

skilled 1n the art can make various changes, modifications

and additions, or change the order between the steps after
understanding the spirit of the present invention.

The functional blocks shown in the block diagrams
described above may be implemented as hardware, software,
firmware, or a combination thereof. When implemented 1n
hardware, it can be, for example, an electronic circuit, an
application specific integrated circuit (ASIC), suitable firm-
ware, plug-ins, function cards, and the like. When imple-
mented 1n software, the elements of the present invention are
programs or code segments that are used to perform the
required tasks. The program or code segment can be stored
in a machine readable medium or transmitted over a trans-
mission medium or communication link by a data signal
carried 1n a carrier wave. A “machine-readable medium™ can
include any medium that can store or transfer information.
Examples of machine-readable media include electronic
circuits, semiconductor memory devices, ROM, flash
memory, erasable ROM (EROM), tloppy disks, CD-ROMs,

optical disks, hard disks, fiber optic media, radio frequency
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(RF) links, and the like. The code segment can be down-
loaded via a computer network such as the Internet, an
intranet, etc.
It should also be noted that the exemplary embodiments
referred to 1n the present invention describe some methods
or systems based on a series of steps or devices. However,
the present invention 1s not limited to the order of the above
steps, that 1s, the steps may be performed in the order
mentioned 1n the embodiment, or may be different from the
order 1n the embodiment, or several steps may be simulta-
neously performed.
It should be understood that the above embodiments are
merely exemplary embodiments employed to explain the
principles of the disclosure, but the disclosure 1s not limited
thereto. Various modifications and improvements can be
made by those skilled 1n the art without departing from the
spirit and scope of the disclosure. These modifications and
improvements are also considered to be within the scope of
the disclosure.
What 1s claimed 1s:
1. A display method of a display panel, wherein the
display panel comprises a plurality of pixel units, each of the
pixel units comprises a mixed color subpixel and three
single color subpixels, and lights emitted by the three single
color subpixels are capable of being mixed to produce a light
ol a mixed color produced by the mixed color subpixel, the
display method comprising:
obtaining original luminance of the three single color
subpixels 1n each of the pixel units based on an 1mage
to be displayed, calculating luminance of a mixed color
produced by the three single color subpixels based on
a smallest luminance among the original luminance of
the three single color subpixels, and obtaining a first
substitute luminance of the mixed color subpixel based
on the luminance of the mixed color, and first substitute
luminance of the three single color subpixels except for
the one having the smallest luminance, wherein one of
the three single color subpixels which has the smallest
luminance of the mixed color 1s denoted by Al, the
other two of the three single color subpixels are
denoted by A2 and A3, the first substitute luminance of
A2 1s obtained by subtracting luminance contributed by
A2 1 the mixed color based on Al from the original
luminance of A2, and the first substitute luminance of
A3 1s obtained by subtracting luminance contributed by
A3 1n the mixed color based on Al from the original
luminance of A3;
obtaining luminance compensation values of the three
single color subpixels that need to be color compen-
sated at a time of obtaining the luminance of the mixed
color subpixel as the first substitute luminance, based
on pre-stored color compensation ratios of the three
single color subpixels, so as to obtain luminance of the
three single color subpixels after color compensation;

calculating luminance of the mixed color produced by the
three single color subpixels 1n the pixel unit respec-
tively based on each of the luminance of the three
single color subpixels after color compensation, based
on pre-stored ratios of the lights emaitted by the three
single color subpixels mixed to produce the light of the
mixed color emitted by the actual mixed color subpixel,
wherein the smallest luminance of the mixed color 1s
denoted by LL11; and

setting mput luminance of Al as 0, and obtaining actual
luminance of A2, A3, and the mixed color subpixel
based on L11, the pre-stored ratios of the lights emitted
by the three single color subpixels mixed to produce the
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light of the mixed color emitted by the actual mixed
color subpixel, the luminance of A2 and A3 after color
compensation, and the first substitute luminance of the
mixed color subpixel, and performing data input;

wherein the method further comprises, before calculating
the luminance of the mixed color produced by the three
single color subpixels:

obtaining chromaticity coordinates of the three single
color subpixels and the mixed color subpixel in the
display panel at given output luminance;

calculating ratios of the lights produced by the three
single color subpixels mixed to produce the light of the
mixed color emitted by the target mixed color subpixel,
which are denoted by RatioAX1, RatioAX2, And
Ratio AX3 respectively, through a color mixing formula
and based on chromaticity coordinate of a target mixed
color subpixel;

calculating ratios of the lights produced by the three
single color subpixels mixed to produce the light of the
mixed color emitted by the actual mixed color subpixel,
which are denoted by RatioBX1, RatioBX2, And
RatioBX3 respectively, based on the chromaticity coor-
dinates of the three single color subpixels and the
chromaticity coordinate of the mixed color subpixel;

calculating the color compensation ratios of the three
single color subpixels, which are denoted by gainX1,
gainX2, and gainX3 respectively, based on RatioAX1,

RatioAX?2, RatioAX3, RatioBX1, RatioBX2, and
RatioBX3; and
storing RatioBX1, RatioBX2, RatioBX3, gainXI,

gainX2, and gainX3.

2. The display method according to claim 1, wherein
calculating luminance of the mixed color produced by the
three single color subpixels in the pixel unit respectively
based on each of the luminance of the three single color
subpixels after color compensation further comprises:

calculating the luminance of the mixed color produced by

the three single color subpixels according to the fol-
lowing formulas:

L,,=L/RatioBX1,
L,,=L2/RatioBX2,

L,3=L3/RatioBX3,

where L,,, L,,, and L,; are the luminance of the mixed
color produced by Al, A2, and A3 based on each of the
luminance of A1, A2, and A3 after color compensation,
respectively.

3. The display method according to claim 2, wherein
setting mput luminance of Al as O, and obtaining actual
luminance of A2, A3, and the mixed color subpixel based on
[.11, the pre-stored ratios of the lights emitted by the three
single color subpixels mixed to produce the light of the
mixed color emitted by the actual mixed color subpixel, the
luminance of A2 and A3 after color compensation, and the
first substitute luminance of the mixed color subpixel, and
performing data imput comprises:

setting the mput luminance of Al as 0, and calculating and

storing the actual luminance of A2, A3, and the mixed
color subpixel according to the following formulas:

Lyog=Ly+L g

L,y=L,3~L,,/RatioBX3
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where L, represents the first substitute luminance of the
mixed color subpixel, L, represents the actual lumi-
nance ol the mixed color subpixel, L, represents the
actual luminance of A2, and L, 1s the actual lumi-
nance of A3.

4. The display method according to claim 3, wherein at
most three subpixels among the mixed color subpixel and
the three single color subpixels 1n each of the pixel units
illuminate at the same time for display.

5. The display method according to claim 1, wherein the
three single color subpixels 1 each of the pixel units
comprises a red subpixel, a green subpixel, and a blue
subpixel, and the mixed color subpixel comprises a white
subpixel.

6. A display panel, comprising;:

a plurality of pixel units, wherein each of the pixel units
comprises a mixed color subpixel and three single color
subpixels, and lights emitted by the three single color
subpixels are capable of being mixed to produce a light
ol a mixed color produced by the mixed color subpixel;

a first calculating processor configured to obtain original
luminance of the three single color subpixels 1n each of
the pixel units based on an 1mage to be displayed,
calculate luminance of a mixed color produced by the
three single color subpixels based on the smallest
luminance among the original luminance the three
single color subpixels, and obtain first substitute lumi-
nance of the mixed color subpixel based on the lumi-
nance of the mixed color, and first substitute luminance
of the three single color subpixels except for the one
having the smallest luminance, wherein one of the three
single color subpixels which has the smallest lumi-
nance of the mixed color 1s denoted by Al, the other
two of the three single color subpixels are denoted by
A2 and A3, the first substitute luminance of A2 is
obtained by subtracting luminance contributed by A2 1n
the mixed color based on Al from the original lumi-
nance of A2, and the first substitute luminance of A3 1s
obtained by subtracting luminance contributed by A3 1n
the mixed color based on Al from the original lumi-
nance of A3;

a second calculating processor, configured to obtain lumi-
nance compensation values of the three single color
subpixels that need to be color compensated at a time
of obtaining the luminance of the mixed color subpixel
as the first substitute luminance, based on pre-stored
color compensation ratios of the three single color
subpixels, so as to obtain luminance of the three single
color subpixels after color compensation;

a third calculating processor, configured to calculate lumi-
nance of the mixed color produced by the three single
color subpixels 1n the pixel unit based on each of the
luminance of the three single color subpixels after color
compensation respectively, based on pre-stored ratios
of the lights emitted by the three single color subpixels
mixed to produce the light of the mixed color emitted
by the actual mixed color subpixel, wherein the small-
est luminance of the mixed color 1s denoted by L11;
and

a data writing processor, configured to set mput lumi-
nance of Al as 0, and obtain actual luminance of A2,
A3, and the mixed color subpixel based on L11, the
pre-stored ratios of the lights emitted by the three single
color subpixels mixed to produce the light of the mixed
color emitted by the actual mixed color subpixel, the
luminance of A2 and A3 after color compensation, and
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the first substitute luminance of the mixed color sub-
pixel, and perform data input;

wherein the display panel further comprises:

an acquisition processor, configured to obtain chromatic-
ity coordinates of the three single color subpixels and
the mixed color subpixel 1n the display panel at given
output luminance;

a fourth calculating processor, configured to calculate
ratios of the lights produced by the three single color
subpixels mixed to produce the light of the mixed color
emitted by the target mixed color subpixel, which are
denoted by RatioAX1, RatioAX2, And RatioAX3
respectively, through a color mixing formula and based
on chromaticity coordinate of a target mixed color
subpixel; calculate ratios of the lights produced by the
three single color subpixels mixed to produce the light
of the mixed color emitted by the actual mixed color
subpixel, which are denoted by RatioBX1, RatioBX2,
And RatioBX3 respectively, based on the chromaticity
coordinates of the three single color subpixels and the
chromaticity coordinate of the mixed color subpixel;
and calculate the color compensation ratios of the three
single color subpixels, which are denoted by gainX1,
gainX2, and gainX3 respectively, based on RatioAX1,
RatioAX?2, RatioAX3, RatioBX1, RatioBX2, and
RatioBX3; and

a storage processor, configured to store RatioBX1,
RatioBX2, RatioBX3, gainX1, gainX2, and gainX3.

7. The display panel according to claim 6, wherein the

third calculating processor 1s configured to calculate the
luminance of the mixed color produced by the three single
color subpixels in the pixel unit respectively based on each
of the luminance of the three single color subpixels after
color compensation according to the following formulas:

L,,=L,/RatioBX1
L,,=L2/RatioBX2

L,3=L3/RatioBX3

where L,,, L,,, and L,; are the luminance of the mixed
color produced by Al, A2, and A3 based on each of the
luminance of Al, A2, and A3 after color compensation,
respectively.

8. The display panel according to claim 7, wherein the
data writing processor 1s configured to setting input lumi-
nance of Al as 0, and calculate and store the actual lumi-
nance of A2, A3, and the mixed color subpixel according to
the following formulas:

Lyg=Ly+L g
L>»=L>—L;Ratio5X?2

L,y=L,3~L,,/RatioBX3

where L, , represents the first substitute luminance of the
mixed color subpixel, L, represents the actual lumi-
nance of the mixed color subpixel, L,,. represents the
actual luminance of A2, and L, 1s the actual lumi-
nance of A3.

9. The display panel according to claim 6, wherein the
three single color subpixels 1n each of the pixel units
comprise a red subpixel, a green subpixel, and a blue
subpixel; and the mixed color subpixel comprises a white
subpixel.

10. The display panel according to claim 6, wherein at
most three subpixels among the mixed color subpixel and



US 11,443,677 B2

19

the three single color subpixels 1n each of the pixel units
illuminate at the same time for display.
11. A display apparatus, comprising the display panel of
claim 6.
12. A non-transitory computer readable storage medium
having stored therecon computer program instructions,
wherein when the computer program instructions are
executed by a processor, a display method of a display panel
1s 1mplemented, wherein the display panel comprises a
plurality of pixel units, each of the pixel umts comprises a
mixed color subpixel and three single color subpixels, and
lights emitted by the three single color subpixels are capable
ol being mixed to produce a light of a mixed color produced
by the mixed color subpixel, the display method comprising;:
obtaining original luminance of the three single color
subpixels 1n each of the pixel units based on an 1mage
to be displayed, calculating luminance of a mixed color
produced by the three single color subpixels based on
a smallest luminance among the original luminance of
the three single color subpixels, and obtaining a first
substitute luminance of the mixed color subpixel based
on the luminance of the mixed color, and first substitute
luminance of the three single color subpixels except for
the one having the smallest luminance, wherein one of
the three single color subpixels which has the smallest
luminance of the mixed color 1s denoted by Al, the
other two of the three single color subpixels are
denoted by A2 and A3, the first substitute luminance of
A2 1s obtained by subtracting luminance contributed by
A2 1n the mixed color based on Al from the original
luminance of A2, and the first substitute luminance of
A3 1s obtained by subtracting luminance contributed by
A3 1n the mixed color based on Al from the original
luminance of A3;
obtaining luminance compensation values of the three
single color subpixels that need to be color compen-
sated at a time of obtaining the luminance of the mixed
color subpixel as the first substitute luminance, based
on pre-stored color compensation ratios of the three
single color subpixels, so as to obtain luminance of the
three single color subpixels after color compensation;

calculating luminance of the mixed color produced by the
three single color subpixels 1n the pixel unit respec-
tively based on each of the luminance of the three
single color subpixels after color compensation, based
on pre-stored ratios of the lights emaitted by the three
single color subpixels mixed to produce the light of the
mixed color emitted by the actual mixed color subpixel,
wherein the smallest luminance of the mixed color 1s
denoted by LL11; and

setting mput luminance of Al as 0, and obtaining actual
luminance of A2, A3, and the mixed color subpixel
based on L11, the pre-stored ratios of the lights emitted
by the three single color subpixels mixed to produce the
light of the mixed color emitted by the actual mixed

color subpixel, the luminance of A2 and A3 after color

compensation, and the first substitute luminance of the
mixed color subpixel, and performing data input;

wherein the non-transitory computer readable storage
medium further comprises, before calculating the lumi-
nance of the mixed color produced by the three single
color subpixels:

obtaining chromaticity coordinates of the three single
color subpixels and the mixed color subpixel in the
display panel at given output luminance;

calculating ratios of the lights produced by the three
single color subpixels mixed to produce the light of the
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mixed color emitted by the target mixed color subpixel,
which are denoted by RatioAX1, RatioAX2, And
Ratio AX3 respectively, through a color mixing formula
and based on chromaticity coordinate of a target mixed
color subpixel;

calculating ratios of the lights produced by the three
single color subpixels mixed to produce the light of the
mixed color emitted by the actual mixed color subpixel,
which are denoted by RatioBX1, RatioBX2, And
RatioBX3 respectively, based on the chromaticity coor-
dinates of the three single color subpixels and the
chromaticity coordinate of the mixed color subpixel;

calculating the color compensation ratios of the three
single color subpixels, which are denoted by gainX1,
gainX2, and gainX3 respectively, based on RatioAX1,

RatioAX?2, RatioAX3, RatioBX1, RatioBX2, and
RatioBX3, and
storing RatioBX1, RatioBX2, RatioBX3, gainXI,

gainX2, and gainX3.

13. The non-transitory computer readable storage medium
according to claim 12, wherein calculating luminance of the
mixed color produced by the three single color subpixels in
the pixel unit respectively based on each of the luminance of
the three single color subpixels after color compensation
further comprises:

calculating the luminance of the mixed color produced by

the three single color subpixels according to the fol-
lowing formulas:

L,,=L /RatioBXl1,
L,,=L2/RatioBX2,

L,3=L3/RatioBX3,

where L, ,, L,,, and L, are the luminance of the mixed
color produced by Al, A2, and A3 based on each of the
luminance of A1, A2, and A3 after color compensation,
respectively.

14. The non-transitory computer readable storage medium
according to claim 13, wherein setting input luminance of
Al as 0, and obtaining actual luminance of A2, A3, and the
mixed color subpixel based on LL11, the pre-stored ratios of
the lights emitted by the three single color subpixels mixed
to produce the light of the mixed color emitted by the actual
mixed color subpixel, the luminance of A2 and A3 after
color compensation, and the first substitute luminance of the
mixed color subpixel, and performing data input comprises:

setting the mput luminance of Al as 0, and calculating and

storing the actual luminance of A2, A3, and the mixed
color subpixel according to the following formulas:

Lig=L*+L g

L,y=L,3-L,,/RatioBX3

where L, , represents the first substitute luminance of the
mixed color subpixel, L, represents the actual lumi-
nance of the mixed color subpixel, L,,. represents the
actual luminance of A2, and L, 1s the actual lumi-
nance of A3.

15. The non-transitory computer readable storage medium
according to claim 14, wherein the white subpixel and only
two of the three single color subpixels 1lluminate to produce
a color based on the original luminance of the three single
color subpixels in each of the pixel units.

16. The non-transitory computer readable storage medium
according to claim 12, wherein the three single color sub-
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pixels 1n each of the pixel units comprises a red subpixel, a
green subpixel, and a blue subpixel, and the mixed color
subpixel comprises a white subpixel.

17. The non-transitory computer readable storage medium
according to claim 12, wherein at most three subpixels 5
among the mixed color subpixel and the three single color
subpixels 1n each of the pixel units 1lluminate at the same
time for display.

22
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